Express Mail No.: EV 042503525 US Date: NovenMr 8, 2QQ1 

I hereby certify that this correspondence is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service under 
37 CFR 1 .10 on the date indicated above and is addressed to the Commissioner of Patents and Trademarks, Washington, D.C. 20231. 



ANTONELLA FUSILLO 



(Name of person mailing paper or fee) 



Patents and Trademarks, Washinc 



(Signature) 



TRANSMITTAL LETTER TO THE UNITED STATES DESIGNATED/ELECTED 
OFFICE (DO/EO/US) CONCERNING A FILING UNDER 35 U.S.C. 371 



INTERNATIONAL APPLICATION NO. 

PCT/DE00/01071 



INTERNATIONAL FILING DATE 

4 April 2000 



Attorney's Docket No: 
SEIFARTH 



PRIORITY DATE CLAIMED 

8 May 1999 



TITLE OF INVENTION 

METHOD FOR THE SPECIFIC DETECTION AND IDENTIFICATION OF RETROVIRAL NUCLEIC 
ACIDS/RETROVIRUSES IN A SPECIMEN 



APPLICANT(S) FOR DO/EO/US 

WOLFGANG SEIFARTH, CHRISTINE LEIB-MOSCH & CORINNA BAUST 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the 
following items and other information: 

1 . [X] This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. [ ] This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. [X] This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 
examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

4. [ ] A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed 
priority date. 

5. [X] A copy of the International Application as filed (35 U.S.C. 371 (c)(2)) 

a. [X] is transmitted herewith (required only if not transmitted by the International Bureau). 

b. [ ] has been transmitted by the International Bureau. 

c. [ ] is not required, as the application was filed in the United States Receiving Office (RO/US) 

6. [X] A translation of the International Application into English (35 U.S.C. 371(c)(2)) 

7. [ ] Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 

a. [ ] are transmitted herewith (required only if not transmitted by the International Bureau). 

b. [ ] have been transmitted by the International Bureau. 

c. [ ] have not been made; however, the time limit for making such amendments has NOT expired. 

d. [ ] have not been made and will not be made. 

8. [] A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. [ ] Original or facsimile of an oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

10. [ ] A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 
371(c)(5)). 

Items 11. to 16. concern other document(s) or information included: 

1 1 . [ ] An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

12. [ ] An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

13. [X] A FIRST preliminary amendment. 
[ ] A SECOND or SUBSEQUENT preliminary amendment. 

14. [ ] A substitute specification. 

1 5. t ] A change of power of attorney and/or address letter. 

1 6. [X] Other items or information: Disc with the sequence listing 



SCANNED, #_£_^ 



l7? ^ ?n ^" l MUu. (llk „o W „.se e 37CFR1.5,- 

> ; / w 3 



IS I ERNA riONAL AMPLICATION NO _ 

PCT/DEOO/01071 



^^BisiCMATXf are Emitted: 

BASIC NATIONAL FEE (37 C.F.R. 1.492(a)(1 H 5): 

tX) For fiHng with EPO or JP0 search report (37 C.F.R , 492(a)(5)) 

N-nterna.iona.pre,^ S 890.00 

[] No international prelim,^ C.F.R. 1 492(a)(1)) , 71000 

"^ascw* — $1 '° 40 ' 00 

5 100.00 



"Total Claim!" 



. 'ndependgn tClaimc 



Number Field" 



9-20 
1-3 




$445^0" 



J^iffll^NCLOSED 



I^21fIlHo^erefunded" 
charaed" 



,$445^ 
$ 0.00 



$445.00 



. to cover the above fees. A 

c- [X] The Commissioner is hereby authorize t n ^ 

Send all correspondence to: 

HENRY M.FEIEREISEN 
350 Fifth Avenue 
Suite 3220 

New York, N.Y. 10118 
(212)244-5500 
Date: November 8, 2001 




URSULA B. DAY 
Registration No. 47,296 




30/09 01 14:50 FAX +49 6203 64196 

Dr. Ulrike Rudolph 

Patentenwaltin 

European Patent & Trademark Attorney 



PA Dr. Rudi 




In der 



S 06203-61348 
Fax 06203-64196 



Verification Statement 

We confirm that the material on the diskette submitted herewith is identical in 
substance to the Sequence Listing included in the description of the application 
entitled "Verfahren zum spezifischen Nachweis und zur Identifizierung 
retroviraler Nuklemsauren / Retroviren in einem Untersuchungsgnt" based on 
DE 199 21 419 T 0-44 



Schriesheim, April 3, 2000 



Dr. Ulrike Rudolph 



PATENT 

WRtfdPCT/r" 08 MOV 2001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Docket No.: SEIFARTH 
In re Application of: j 
WOLFGANG SEIFARTH et al. ) 
Int. Appl. No: PCT/DE00/01071 ) 
Int. Filing Date: April 4, 2000 ) 

For: METHOD FOR THE SPECIFIC ) 

DETECTION AND IDENTIFICATION OF ) 

RETROVIRAL NUCLEIC ) 

ACIDS/RETROVIRUSES IN A SPECIMEN ) 



FIRST PRELIMINARY AMENDMENT 



BOX PCT 

Commissioner for Patents 
Washington, D.C. 20231 



Express Mail mailing label number: EV 042503525 US 
Date of Deposit: November 8. 2001 

I hereby certify that this paper or fee is being deposited with 
the United States Postal Service "Express Mail Post Office to 
Addressee" service under 37 CFR 1.10 on the date indicated 
above and is addressed to the Assistant Commissioner for 
Patents, Washington, D C. 20231. 

ANTONELI A FUSILLO 



[Name of person mailing paper or fee] 




[Signature] 



S I R: 



Preliminary to the first Official Action in the above-entitled application, please 
amend the application as follows: 



..*JL. C^- ^.7$ Hi.il & .,JL ..„JL "V/ ' ^Lffi-. 

Docket No.: SEIFARTH 

Int. Appl. No.: PCT/DE00/01071 

Clean Version of Amended Claims 

5. A method according to claim 3, characterised in that a mixture of equimolar 
quantities of both partners of a pair of synthetic oligonucleotides, which 
together correspond to a preferably 90 bp long section from the nucleic acid 
region of the reverse transcriptase gene between the highly conserved 
motifs V L P Q G and Y MA/ D D IA//L L , is in each case used as 
immobilised RDBH probes. 

7. A use of one or several synthetic oligonucleotide(s) whose nucleotide 
sequence(s) correspond(s) with the nucleic acid region of a retrovirus- 
specific reverse transcriptase gene between the highly conserved motifs V 
L P Q G and Y MA/ D D l/V/L L or with a section of this nucleic acid region 
as reverse dot blot hybridisation probe(s) in a method according to claim 3. 

8. A use of equimolar quantities of two synthetic oligonucleotides which 
together, positioned one after the other, correspond to a preferably 90 bp 
long section from the nucleic acid region of the reverse transcriptase gene 
between the highly conserved motifs V L P Q G and Y M/V D D l/V/L L as 
reverse dot blot hybridisation probe(s) in a method according to claim 3. 

9. A diagnosis kit for the specific detection and identification of retroviral 
nucleic acids/retroviruses in an arbitrary specimen, comprising at least one 
of the primer mixtures consisting of forward and reverse primers for the 
PCR according to claim 1 and at least one reverse dot blot hybridisation 
probe according to claim 7. 
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Docket No.: SEIFARTH 

Int. Appl. No.: PCT/DE00/O1071 

Version Showing the Changes Made 
IN THE CLAIMS: 

Amend the following claims: 

5. A method according to [one of claims 3 or 4] claim 3 . characterised in 
that a mixture of equimolar quantities of both partners of a pair of 
synthetic oligonucleotides, which together correspond to a preferably 90 
bp long section from the nucleic acid region of the reverse transcriptase 
gene between the highly conserved motifs V L P Q G and Y MA/ D D 
IA//L L , is in each case used as immobilised RDBH probes. 

7. A use of one or several synthetic oligonucleotide(s) whose nucleotide 
sequence(s) correspond(s) with the nucleic acid region of a retrovirus- 
specific reverse transcriptase gene between the highly conserved motifs 
V L P Q G and Y MA/ D D l/V/L L or with a section of this nucleic acid 
region as reverse dot blot hybridisation probe(s) in a method according to 
to [one of claims 3 to 6] claim 3 . 

8. A use of equimolar quantities of two synthetic oligonucleotides which 
together, positioned one after the other, correspond to a preferably 90 bp 
long section from the nucleic acid region of the reverse transcriptase 
gene between the highly conserved motifs V L P Q G and Y M/V D D 
l/V/L L as reverse dot blot hybridisation probe(s) in a method according 
to [one of claims 3 to 6] claim 3 . 

9. A diagnosis kit for the specific detection and identification of retroviral 
nucleic acids/retroviruses in an arbitrary specimen, comprising at least 
one of the primer mixtures consisting of forward and reverse primers for 
the PCR according to claim 1 and at least one reverse dot blot 
hybridisation probe according to claim 7 [or claim 8]. 
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METHOD FOR THE SPECIFIC DETECTIONAND IDENTIFICATION OF 
RETROVIRAL NUCLEIC ACIDS/RETROVIRUSES IN A SPECIMEN 



Description 

[0001] The invention relates to a method for the specific detection and 

identification of retroviral nucleic acids/retroviruses in an arbitrary specimen and 
a diagnosis kit for implementing this method. It also relates to retrovirus-specific 
probes for reverse dot blot hybridisation and retrovirus-specific oligonucleotide 
primer mixtures (MOP) comprising forward and reverse primers for producing 
amplificates of retrovirus-specific nucleic acids from the specimen. 

[0002] Exogenous and endogenous retroviruses (HERV) are etiological 

agents for a multiplicity of tumorigenic diseases in humans and animals. They 
are involved in the formation of tumours and leukaemias in numerous animal 
models but also in humans (HTLV-I and II). Others also cause 
immunodeficiency diseases (HIV). Present research indicates that retroviruses 
may also play a role as triggers of autoimmune diseases (Kalden and 
Herrmann, 1993) and neuronal degenerative diseases such as multiple 
sclerosis (Tuke et al. 1997). Intensive research in the field of endogenous and 
exogenous retroviruses has so far led to the continual discovery of new 
retroviral sequences in the human genotype whose expression could possibly 
be associated with specific diseases. For example, the expression of Gag 
proteins of the HERV-K family is associated with almost all forms of testicular 
and ovarian germinomas (Sauter et al. 1995). Antibodies against HERV-K Env 
protein were detected in human sera (Vogetseder et al. 1993). The HERV-K- 
IDDM env gene which was isolated from patients with type-1 diabetes possibly 
codes for an endogenous superantigen (Conrad et al. 1997). 

[0003] Statistically reliable studies using large groups of patients are 

required to correlate specific diseases with the activity of specific endogenous 
or exogenous retroviruses. The expenditure in time and money required for this 
using the known methods of detection according to the prior art is immense. 

[0004] The increasing use of retroviral vector systems in human gene 

therapy casts doubts on the safety from undesirable side effects (genome 
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changes in the target cells, transmission of undesirable viruses). Thus, a certain 
percentage of undesirable gene sections of endogenous or foreign retroviruses 
are also co-packaged in the retroviral particles for therapeutic application in 
packaging cell lines (Co-packaging, Sherwin et al. 1987, Scolnick et al. 1979, 
Takeuchi et al. 1992). For example, transcripts of certain endogenous 
retroviruses, such as those present in related form in the genome of packaging 
cell lines, have been detected in retrovirus-like particles (pseudotypes) of the 
breast cancer cell line T47D (Seifarth et al. 1995, 1998). The packaging of such 
undesirable retroviral sequences can lead to the recombination and formation 
of new retroviruses having modified, possible pathogenic properties. The re- 
integration of such recombinant retroviruses in the genome of the target cells 
can lead to insertion mutagenesis and consequently to inactivation of important 
genes of the cell cycle and possibly to tumorgenesis. 

[0005] For this reason it is necessary to conduct quality control of the 

gene vector preparations to be used for gene therapy using a sensitive test 
system. This could prevent any undesirable retroviral sequences from being 
transfused. In the event of positive detection, a vector preparation could be 
subjected to suitable purification (purging) before being administered to the 
patient. The methods known according to the prior art are not suitable for such 
an application. 

[0006] A controversial issue at the present time is the use of animal 

organs for transplantation in humans (xenotransplantation). For example, as a 
result of the shortage of suitable donors, heart valves from pigs are being 
increasingly transplanted in humans. The transplantation of heart, liver and 
kidney transplants is also planned. However, recent research has shown that 
within the transplantation framework and the associated immunosuppression by 
medication, endogenous or exogenous retroviruses so far suppressed in the 
donor organ can become activated in the recipient. As has already been 
demonstrated experimentally, these retroviruses of animal origin are pathogenic 
for certain human cell types (xenotropism) and could thus lead to a serious 
systemic disease of the organ recipient. In cases where pathogenic infectious 
virus particles are formed, transmission to uninvolved third parties (epidemic) 
cannot be excluded. Last but not least, recombinations of retroviruses of animal 
origin with endogenous human retroviruses could result in new pathogenic virus 
recombinants with completely new host tropisms. 
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[0007] There is thus a need for fast, reliable and at the same time 

favourably priced detection systems which could be used to test the transplant 
carrier for infection with retroviruses of animal origin on a regular basis. 

[0008] A number of methods for direct and indirect virus detection are 

available for the detection of viral infections in the prior art. For the direct 
detection of virus particles, products of viral replication (viral antigens) or an 
immune response directed against the virus (antiviral antibodies) these include 
electron microscopy (EM), staining of viral proteins with fluorescent antibodies, 
"enzyme-linked immunosorbent assay" (ELISA) and radioimmunoassay (RIA). 
Molecular biological methods such as nucleic acid hybridisations with virus- 
specific gene probes (dot-blot, southern-blot, northern-blot) and polymerase 
chain reaction (PCR) with virus-specific primers are being conducted 
increasingly to directly detect the virus and its nucleic acids. 

[0009] In the indirect methods it is usually not the viruses themselves but 

their after-effects that are detected, i.e. the changes (cytopathic effects) in cells 
induced by a virus replication. This must usually be conducted in an in vitro cell 
culture system tailored to the virus to be detected. This requires living cells in 
which the virus to be detected can replicate. Depending on the type of virus, 
cell cultures, organ cultures, embryonated chick eggs or even laboratory 
animals are required for the detection. The manifestation of the cytopathic 
effect (cell lysis, focal or diffuse cell growth, syncytium formation, rounding) and 
the host spectrum of the virus are used as indices to identify the virus. 
Frequently however, a precise identification can only be made in combination 
with serological or molecular biological methods (PCR). 

[0010] The relatively low sensitivity of some direct methods of detection 

(EM, antibody staining) means that the specimen must contain a certain 
quantity of virus for a successful detection or it must be enriched by suitable 
methods (ultracentrifuging). If this is not practicable, the virus must be 
preliminarily cultured in a special in vitro cell culture system. Since many 
viruses possess special host cell tropisms, a special test system is required for 
each virus to be tested. This results in high laboratory costs, their evaluation is 
very time-consuming in some cases and requires very great experience. 
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[0011] Serological methods (ELISA, RIA) are generally highly sensitive 

and have developed into the current gold standard in virus diagnosis. However, 
the disadvantage of all serological methods is that a specific antibody is 
required for each virus to be tested. In one test run the sample to be studied 
can thus only be tested for one putative virus. Studies of entire expression 
patterns using these methods can only be made at great expense in time and 
cost. 

[0012] Developments in the field of molecular biology have led to the 

development of new methods of detection (hybridisations, PCR) which possess 
similar sensitivity to serological antigen methods of detection. In this case also, 
the detection success stands or falls by the availability of virus-specific gene 
probes (hybridisation) or oligonucleotides (PCR). Since the use of several 
probes or PCR primers is limited because of non-specific interactions in a 
reaction formulation, many experiments must be conducted in parallel to detect 
complex expression patterns. 

[0013] In view of the circumstances described previously, the problem for 

the present invention was to provide an efficient and reliable, and at the same 
time fast method for the multiple detection of endogenous and exogenous 
retroviruses of human and animal origin. 

[0014] This problem is solved using a method of the type specified 

initially which is characterised in that it comprises the following measures: 

[0015] Isolation of nucleic acids, namely DNA and/or RNA from the 

specimen, 

carrying out a PCR using the isolated DNA or an RT-PCR using the 
isolated RNA using one or both the primer mixtures MOP-ABD and 
MOP-C described hereinafter, each consisting of forward primers and 
reverse primers, whose forward and reverse primers are degenerated 
oligonucleotides having the nucleotide sequences reproduced in the 
sequence protocols SEQ ID NO.1 to NO.4 according to the IUPAC 
nomenclature and a so-called "head" at the 5'-end of these nucleotide 
sequences, whereby the forward primers of the MOP-ABD mixture 
exhibit the nucleotide sequences in accordance with SEQ ID NO.1, 
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namely the nucleotide sequences: "head"-ARAGTNYTDYCHCMRGGH, 
with 3456 degenerations, 

[0016] the reverse primers of the MOP-ABD mixture exhibit the 

nucleotide sequences in accordance with SEQ ID NO.2, namely the nucleotide 
sequences: "head"-NWDDMKDTYATCMAYRWA, with 27648 degenerations, 

[0017] the forward primers of the MOP-C mixture exhibit the nucleotide 

sequences in accordance with SEQ ID NO.3, namely the nucleotide 
sequences: "head"- TKKAMMSKVYTRCYHCARGGG, with 3072 
degenerations, and 

[0018] the reverse primers of the MOP-C mixture exhibit the nucleotide 

sequences in accordance with SEQ ID NO.4, namely the nucleotide 
sequences: "head"-MDVHDRBMDKYMAYVYAHKKA, with 8192 degenerations, 

[0019] whereby "head" stands for a nucleotide sequence which 

comprises an interface for a restriction enzyme and a so-called clamp 
sequence (for stabilisation of the interface sequence) at the 5' end of this 
interface, 

purging the (RT)-PCR amplificates obtained and using these in an 
RDBH method using immobilised RDBH probes which each (per probe) 
comprise synthetic oligonucleotides whose nucleotide sequence 
corresponds to the retroviral nucleotide sequence of the retrovirus- 
specific reverse transcriptase gene of the virus type to be detected with 
the relevant dot or a section of such a retroviral nucleotide sequence and 
shows no overlapping with the nucleotide sequences of the forward 
primers and reverse primers used in the PCR or RT-PCR. 

[0020] The object of the present invention is thus a method for detecting 

retroviral nucleic acids in a sample whereby first all nucleic acids (RNA and 
DNA) are extracted from the specimen using common methods known to the 
specialist. Here a distinction is made between DNA and RNA. The isolation of 
genomic DNA is sufficient to detect retroviruses (proviruses) already integrated 
in the host cell genome. If the activatability of so far inactive retroviruses, the 
transcription activity of endogenous retroviruses or the identity of retroviral 
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particles are to be studied, polyadenylate messenger RNA (mRNA) free from 
genomic DNA must be isolated. If mRNA is used as the starting material, this 
mRNA must be transcribed into complementary DNA (cDNA) in vitro by means 
of reverse transcriptase and can then be used as matrices for the following 
PCR. This combination of reverse transcription and PCR is generally described 
as RT-PCR. 

[0021] The isolated nucleic acids are then subjected to a one-step PCR 

using primer mixtures according to the invention (MOP-ABD, MOP-C) 
consisting of retrovirus-specific, degenerated oligonucleotides corresponding to 
the highly conserved regions within the reverse transcriptase gene (RT gene) of 
all known human retroviruses (MOP, Shih et al.1989, Donehower et al. 1990). 
In this PCR all retrovirus-specific "reverse transcriptase 1 homologous sequence 
sections contained in the specimen are amplified. As a result an amplificate 
mixture of short retroviral DNA fragments is obtained whose composition 
reflects the frequency of all retroviral nucleotide sequences to be detected in 
the specimen. The amplificates are either labelled during the PCR reaction or 
after this reaction, preferably radioactively, but equally well non-radioactively 
according to choice (e.g. with biotin or digoxigenin). These labelled amplificates 
are then used as probes in a hybridisation method (RDBH method) using filter 
membranes or bio-chips with applied retrovirus-specific oligonucleotides as 
probes. 

[0022] The head or extension sequence of the primer oligonucleotides 

according to the invention consisting of clamp and interface sequence first has 
the positive effect that it favourably influences the primer matrix binding kinetics 
so that the PCR products formed in the first PCR cycle are amplified 
substantially more efficiently in the following cycles. This has the advantage 
that retroviral matrices are then amplified themselves or can be amplified if the 
exactly matching primer is not present in the primer mixture. The interface also 
has the advantage that it facilitates cloning if necessary. 

[0023] It basically holds that the length of the head or extension 

sequence should not exceed half the length of the complete primer nucleotide 
sequence. 
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[0024] An important component of the method according to the invention 

are the RDBH probes used for the reverse dot blot hybridisation (RDBH) which 
comprise specific quantities of synthetically produced, exactly defined nucleic 
acid sequences from the reverse transcriptase gene of those retroviruses 
already characterised against which the specimen is to be tested. These 
retrovirus-specific RDBH probes are applied to defined fields (dots) of the 
RDBH support whereby this can be conventionally used filter membranes 
having dimensions of several centimetres and also so-called bio-chips having 
dimensions of a few millimetres (micro-array technology). In the case of filter 
membranes the probes are preferably linked to these supports covalently by UV 
crosslinking (e.g. using the commercially available UV radiation source 
'Stratalinker™', Stratagene). 

[0025] In the case of DNA chips, oligonucleotide probes are synthesised 

in situ and fixed in precisely defined positions on a solid support using 
photolithographic methods (similar to engraving) (e.g. by using perforated 
masks specific areas of the chip are illuminated to activate photosensitive 
chemical groups). The support, preferably a glass or nylon surface of 
approximately 1 cm 2 forms the hybridisation unit. Each hybridisation unit can 
contain a very large number of different oligonucleotide probes (up to 400,000). 
As a result many thousand different sequences can be analysed 
simultaneously. For each probe all sequence alternatives are presented on the 
chip and a single one must be recognised by the specimen to be tested. The 
hybridisation of probe and target sequence (in the specimen) is detected by 
measuring the amplificate marker intensity. The intensity is proportional to the 
extent of the hybridisation between probe and target sequence. Each target 
sequence is identified according to its hybridisation position on the chip. The 
DNA chip technique was developed by FODOR et al. (Science 251, 767-773, 
1991) and is known in the prior art (see V. Oeding et al. 1999, HYGIENE UND 
MIKROBIOLOGIE 1/99, pp. 55-57 and G. Ramsay 1998, NATURE 
BIO TE CHNOLOGIE, Vol. 16, 1998, pp. 40-44). 

[0026] Hybridisation should take place under highly stringent conditions 

matched to the length of the probes and the hybridised supports (filter 
membranes or chips) should then be washed under highly stringent conditions. 
In cases where the PCR amplificates are radioactively labelled, the identity of 
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the detectable retroviruses can then be identified after exposing the filter 
membranes on an x-ray film using the signal pattern of the autoradiograms. 

[0027] The method according to the invention can be used for the 

multiple detection and identification of all human and/or animal-specific 
retroviral nucleic acids/retroviruses known so far in cell cultures, cell culture 
residues or body samples or other specimens of biological origin. The only 
prerequisite is that certain genome sections of the retroviruses to be detected, 
namely the conserved sequence regions of the reverse transcriptase are known 
with respect to their DNA nucleotide sequence. This prerequisite is satisfied 
since the corresponding nucleotide sequences of exogenous and endogenous 
human retroviruses are generally accessible as gene bank data. 

[0028] The method according to the invention for the first time opens up 

the possibility of providing a universal retrovirus detection system with which 
the entire spectrum (= expression pattern) of all active endogenous and 
exogenous retroviral nucleotide sequences in the specimen (body sample) can 
be determined in a single experiment. In particular, this detection system can 
also be used to carry out statistically reliable studies using arbitrarily large 
groups of patients and if appropriate correlations existing between specific 
diseases and the activity of specific endogenous or exogenous retroviruses can 
be established therefrom. In the event of a proven correlation between a 
specific retroviral expression pattern and a specific disease, this test system 
can also be used for the early identification or to assess the personal genetic 
risk for such a disease. 

[0029] Another very decisive advantage of the method is that the 

sequences of the PCR primers (MOP) according to the invention, i.e., the 
degenerated oligonucleotides of the primer mixtures used to amplify the 
retrovirus-specific RT gene sections to be identified in the specimen do not 
overlap with the sequences of the synthetic virus-specific oligomers used as dot 
blot probes. The PCR primer sequences contribute approximately half the final 
amplificate length. If these sequence sections were also contained in the dot 
blot probes (cf. Herrmann and Kalden, 1994), this would lead to considerable 
restrictions in the prediction capability of the test since the amplificates would 
then hybridise to a certain extent with all dot blot probes on the filter membrane. 
It is an advantage of the method according to the invention that this undesirable 
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effect is impeded by using synthetic, precisely defined, homogenous 
oligonucleotide preparations for both the forward and reverse primers and for 
the RDBH probes. 

[0030] The nucleotide sequences of all exogenous and endogenous 

retroviruses characterised so far (HERV) are published in gene banks. From 
these suitable nucleotide sequences can be derived for the synthesis of virus- 
specific oligomers as dot blot probes. In principle, corresponding oligomers of 
all these sequences can be dotted onto a single filter membrane. 
Consequently, it is possible to test a specimen for the entire spectrum of 
retroviruses known so far in a single experiment. Compared with the prior art 
whereby its own diagnostic test, especially a serological test using a special 
antibody, must be carried out to identify each putative virus in a sample, the 
method according to the invention thus represents significant progress. 

[0031] As a result of the known higher sensitivity of PCR and the 

possibility of repeated amplification of PCR products, the method according to 
the invention also attains a detection limit which is barely achieved by any other 
test system. 

[0032] In a preferred embodiment of the method according to the 

invention the "head" or extension section of the primer nucleotides according to 
the invention consists of the nucleotide sequence GAAGGATCC whereby the 
nucleotide series GAA is a so-called 'clamp' and the nucleotide series GGATCC 
represents the interface for the restriction enzyme BamHI. The head or 
extension sequence has proved very good in practice. In principle, however, 
the head sequence can also consist of any arbitrary nucleotide sequence 
provided that the primer annealing kinetics is not negatively influenced. 

[0033] The nucleotide sequences of the synthetic oligonucleotide of the 

RDBH probes are preferably selected so that they correspond to the retroviral 
nucleic acid region of the reverse transcriptase gene between the highly 
conserved motifs V L P Q G and Y MA/ D D IA//L L or to a section of this region 
i.e., they match and/or (experimentally) can hybridise with it. 

[0034] Since the efficiency of an oligonucleotide synthesis decreases 

with the length of the oligonucleotide to be synthesised, a variant of the method 
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according to the invention is provided in which a mixture of equimolar quantities 
of two comparatively short-chained synthetic oligonucleotides is used as 
immobilised RDBH probes in each case (i.e. for each probe or each dot). These 
correspond together or one after the other to a longer, preferably approximately 
90 base pairs (bp) long, section of the nucleic acid region of the reverse 
transcriptase gene between the highly conserved motifs VLPQG and Y MA/ 
D D l/V/L L. 

[0035] In an embodiment that has proved very useful in practice, these 

two short-chain oligonucleotides are approximately the same size or the same 
length and preferably comprise approximately 45 base pairs. 

[0036] The invention is explained subsequently in greater detail with 

reference to examples of embodiment and relevant drawings and tables. 

[0037] The abbreviations used are as follows: 

BaEV = baboon endogenous retrovirus; 
ERV = endogenous retrovirus; 
ERV9 = endogenous retrovirus type 9. 
GaLV = gibbon ape leukaemia virus; 
HERV = human endogenous retrovirus; 
HIV = human immunodeficiency virus; 

HML = human mouse mammary tumour virus-like sequence; 

HPLC = High Performance Liquid Chromatography 

HRV5 = human (exogenous) retrovirus type 5; 

HTLV-1 = human adult T-cell leukaemia virus type 1; 

LINE = long, disperse (scattered) DNA sequence element; 

MMTV = mouse mammary tumour virus; 

MoMuLV = Moloney mouse leukaemia virus; 

MOP = Primer mixture of degenerated oligonucleotides 

comprising forward and reverse primers 

MPMV = Mason Pfizer monkey virus; 

PCR = polymerase chain reaction; 

PERV = porcine endogenous retrovirus; 

PBMNC = peripheral blood mononuclear cells; 

RDBH = reverse dot blot hybridisation; 

RT = reverse transcriptase. 
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[0038] Table 1: Retrovirus-type ABD and type C specific primer mixtures 

MOP-ABD and MOP-C according to the invention which each contain forward 
and reverse primers and comprise degenerated oligonucleotides. The 
standardised single-letter abbreviation code of the IUPAC nomenclature has 
been used to describe the degenerated oligonucleotide sequences (see 
European Journal of Biochemistry 150: 15, 1985). Both the forward primer and 
the reverse primers are shown in the 5'-3' direction following the IUPAC 
conventions and relative to the DNA strand. The degree of degeneration, in 
other words the number of different specific embodiments of this primer that 
can be obtained by synthesis, is given in each case in the form of the 
theoretically calculated number of different oligonucleotides. 

[0039] Table 2: Immobilised synthetic retrovirus-specific oligonucleotide 

probes for producing dot blot membranes. A mixture of equimolar quantities of 
both partners of an oligonucleotide pair which corresponds to a 90 bp long 
section of a retrovirus-specific reverse transcriptase was prepared for each spot 
or dot. In each case 100 picomole of these mixtures was applied to the 
membrane in the configuration corresponding to the code shown. A dilution 
series of human genomic DNA (8E-8H) and oligonucleotide primer mixtures (81- 
8L) was applied to the filter for internal standardisation of the hybridisation and 
autoradiography. For each oligonucleotide sequence used on the filter the gene 
bank access number and the first author are given where available. 

[0040] Table 3: Classification of retrovirus-specific oligonucleotide 

dot blot probes: From 61 representative members of all known human 
exogenous and endogenous retroviruses the nucleotide sequence of the 
appropriate reverse transcriptase gene in the region between the highly 
conserved domains V L P Q G and Y MA/ D D IA//L L was used to synthesise 
dot blot probes (Shih et al. 1989, Donehower et al. 1990). In the experiment 
shown here 21 retroviral nucleotide sequences from type ABD (HERV-K 
superfamily), 19 retroviral nucleotide sequences from type C, 1 retroviral 
nucleotide sequence from type D and 7 nucleotide sequences related to the 
human foamy virus were used. Also tested were a human LINE-1 sequence 
(3L) and 6 exogenous human retroviruses (6E-6J), as well as five probes which 
correspond to a mammal C type retrovirus and a probe which corresponds to a 
mammal B type retrovirus (7E-7J). 
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[0041] Asterisks indicate nucleotide sequences related to HERV 

transcripts which were found in patients with multiple sclerosis and patients with 
systemic lupus erythematosus. 

[0042] FIG. 1 Localisation of conserved amino acid sections in the 
amino-terminal gene regions of the reverse transcriptase of retroviruses and 
retrotransposons. The core homology regions V L P Q G and Y MA/ D D l/V/L L 
were used to derive and prepare the degenerated oligonucleotides of the 
primer mixtures according to the invention (MOP-ABD or MOP-C). 

[0043] FIG. 2. Schematic of the RT-PCR/RDBH method according to the 
invention. 

[0044] FIG. 3. HERV expression pattern in human PBMNCs of a healthy 
blood donor. 

[0045] The reverse dot blot hybridisation (RBDH) was carried out under 
standard conditions using DNA fragments which had been amplified using the 
primer mixtures of degenerated oligonucleotides according to the invention, 
namely MOP-ABD (Table A) or MOP-C (Table B) or the combination MOP- 
ABD/MOP-C (Table C). 

[0046] FIG. 4. HERV expression in human PBMNCs after adding a cloned 
DNA fragment that contains a PERV RT gene. Less than 10 copies of a porcine 
endogenous retrovirus (PERV) type A DNA (Patience et al. 1997) could be 
detected and identified under standardised test conditions (Table A, filter code 
7F). Under the stringent conditions used no cross hybridisation of HERVs with 
porcine-specific amplification products obtained from a porcine DNA matrix 
were observed (Table B). 

[0047] Example 1 : RNA preparation 

[0048] Total RNA was extracted from peripheral blood mononuclear cells 

of a healthy blood donor using the guanidine isothiocyanate/caesium chloride 
(GIT/CsCI) ultracentrifugation protocol proposed by Sambrook et al. (1989) and 
dissolved in distilled water treated with diethylpyrocarbonate (DEPC). The 
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mRNA was then enriched using conventional methods e.g. using the 
commercially available enrichment kit 'Dynabeads™ paramagnetic particles' 
according to the manufacturer's instructions (Dynal, Hamburg, Germany). The 
nucleic acid concentration was determined by means of spectrometry at 260 
nm. In order to check for any contamination with genomic DNA, 50 ng of each 
mRNA preparation was used directly, i.e., without first having undergone a 
reverse transcription, in a polymerase chain reaction (PCR) using the primer 
mixtures of degenerated oligonucleotides (MOP) according to the invention. 
Only those preparations which showed no DNA traces were used for the actual 
PCR. Those preparation formulations for which some DNA contamination could 
be detected were treated with 100 units/jag RNase-free DNase (Roche 
Diagnostics, Mannheim Germany) in 100 mM pH 5.0 sodium acetate, 5 mM 
MgS0 4 , until the control PCR yielded a negative result. 

[0049] Example 2: Preparation of MOP-ABD and MOP-C primer mixtures 

according to the invention for PCR 

[0050] Table 1 shows preferred MOP-ABD and MOP-C primer mixtures 

using the IUPAC nomenclature familiar and commonly used in specialist circles. 
Each of the primer mixtures contains a plurality of different forward and reverse 
primers. The forward primers of the MOP-ABD primer mixture exhibit the 
general nucleotide sequence GAAGGATCCARAGTNYTDYCHCMRGGH which 
comprises 3456 degenerations, i.e. 3456 different specific nucleotide 
sequences. The reverse primers of the MOP-ABD primer mixture exhibit the 
nucleotide sequence GAAGGATCCNWDDMKDTYATCMAYRWA which 
comprises 27648 degenerations, i.e. 27648 different specific nucleotide 
sequences. The forward primers of the MOP-C primer mixture are 
characterised by the general nucleotide sequence 
GAAGGATCCTKKAMMSKVYTRCYHCARGGG, which comprises 3072 
degenerations, i.e. 3072 different specific nucleotide sequences and the 
reverse primers of the MOP-C primer mixture exhibit the nucleotide sequence 
GAAGGATCCMDVHDRBMDKYMAYVYAHKKA which comprises 81 92 
degenerations, i.e. 8192 different specific nucleotide sequences. 

[0051] These primer nucleotide sequences correspond to the highly 
conserved core homology regions V L P Q G and Y MA/ D D IA//L L within the 
reverse transcriptase (RT) gene of all known endogenous and exogenous 
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retroviruses (see Fig. 1 and the publications of Xiong and Eickbush 1990, Shih 
et al. 1989 and Donehower et al. 1990). The beginning of the primer nucleotide 
sequence at the 5' end of the appropriate retrovirus-specific core-homology 
region, called the "head", namely the nucleotide series GAAGGATCC is an 
extension sequence which consists of the so-called "clamp" sequence GAA and 
the BamHI restriction site GGATCC. 

[0052] Instead of the "clamp" sequence described here and the BamHI 

restriction site described here, another "clamp" sequence and/or another 
interface for a restriction enzyme can also be used to produce the "head" or 
extension sequence of the appropriate primer. Basically however the length of 
this "head" or extension sequence should not be more that half the total primer 
length. 

[0053] The MOP-ABD primer mixture allows the separate amplification of 

types A, B and D retrovirus and the MOP-C primer mixture allows the separate 
amplification of type C retrovirus. Both primer mixtures can easily be combined 
and thus make it possible to amplify all retrovirus types (A, B, C, and D). 

[0054] Example 3: preparation of probes for reverse dot blot hybridisation 

(RDBH) 

[0055] Amino acid sequence comparisons have shown that the coding 

genes of all retrovirus for the reverse transcriptase and most retroelements 
exhibit highly conserved core homology regions (Poch et al. 1989, Shih et al. 
1989, McClure 1993, Donehower et al. 1990, Xiong and Eickbush 1990). Two 
of the most conserved amino acid sequence sections are the amino acid motifs 
V L P Q G and Y Y/M D D IA//L L (Fig. 1). The sequence region between these 
motifs comprises approximately 90 base pairs (i.e. is approximately 90 bp long) 
and exhibits a significantly lower homology within the various retrovirus families. 
This region was used to prepare retrovirus-specific probes for RDBH. 

[0056] Here the following procedure was adopted: first, generally 

accessible nucleotide sequence data banks were searched for nucleotide 
sequences related to the nucleotide sequence of the reverse transcriptase 
(RT). Sequences of exogenous and endogenous retroviruses were classified 
according to the valid nomenclature and subclassified into subclasses in terms 
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of their RT homology (data not shown here). Some as yet unpublished HERV 
sequence data were kindly made available by Martin Herrmann (1998) and 
some were characterised by ourselves. Representative members were selected 
from all known retrovirus families (Table 3) and in each case an approximately 
90 bp long fragment was isolated from their respective RT gene, in each case 
in the region between the highly conserved RT motifs V L P Q G and Y MA/ D 
D l/V/L L, and was used as a template for synthesising the corresponding 
RDBH probes. Since the efficiency of an oligonucleotide synthesis decreases 
with the length of the oligonucleotide to be synthesised, instead of a 90 pb long 
oligonucleotide (90-mer) two 45 bp long oligonucleotides (45-mers) were 
synthesised in each case and used as a pair. Each dot (spot) of the dot blot 
prepared as described here corresponds to an equimolar mixture of equal 
proportions of one pair of 45-mers from the group of pairs listed in Table 2. 

[0057] Example 4: preparation of reverse dot blot membranes for RDBH 

[0058] Retrovirus-specific oligonucleotides which correspond to a 90 bp 

long fragment of the highly conserved domains of the RT gene were 
synthesised and purified by HPLC. For each retroviral nucleotide sequence to 
be tested equimolar quantities of both partners of a pair of 45-mer 
oligonucleotides prepared as in example 3 were mixed together and 100 
picomole of this pair mixture was dissolved in 5x SSC (1x SSC = 0.1 5M NaCI 
plus 0.015 M sodium citrate) and then dropped manually or by machine onto a 
commercially available filter membrane (for example, a ZETAprobe™ GT 
blotting membrane supplied by BioRad, Hercules CA USA) using a 
commercially available dot blot apparatus (for example, Minifold I dot blotter 
SRC96D made by Schleicher & Schuell, Dassel, Germany). The filters were 
equilibrated in 2x SSC, the oligonucleotides were irreversibly immobilised, 
preferably by means of UV cross linking (for example, using the commercially 
available UV emitter Stratalinker™ supplied by Stratagene, La Jolla, CA USA) 
and the filters were then dried in air. 

[0059] After the amplificate DNA has been hybridised to the RDBH 

probes covalently linked to the membranes, bound amplificate DNA can be re- 
dissolved from the dot blot membrane by alkaline denaturation and if necessary 
re-amplified to achieve sufficient quantities of double-strand DNA, e.g. for 
cloning and subsequent sequence analysis of the amplificates concerned. 
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[0060] Example 5: reverse transcription and polymerase chain reaction 

(RT-PCR) 

[0061] From each test formulation 500 ng of DNA-free mRNA were 

reverse transcribed at 37°C for 1 hour in 50 pi of a solution of 20 mM pH 8.4 
tris/HCI, 10 mM dithiothreitol (DTT), 50 mM KCI, 2.5 mM MgCI 2 , 0.5 mM of each 
desoxynucleoside triphosphate (dNTP), 10 units of RNasin (Promega) 30 pmol 
Random hexamer oligonucleotides (Promega) and 20 units of MLV reverse 
transcriptase (GIBCO-BRL). 

[0062] The formulations were then denatured, for example by heat 

treatment at 95°C for 5 min and stored at -20°C before further usage. 

[0063] For the MOP-PCRs according to the invention (with MOP-ABD 

and/or MOP-C) in each case a volume of one twentieth (1/20) of the cDNA 
reaction was amplified in 50 pi of a solution of 10 mM pH 8.3 tris/HCI, 50 mM 
KCI, 2.5 mM MgCI 2 , 0.001 % gelatine, 50 pmoles of the relevant primer 
mixture(s) of degenerated oligonucleotides according to the invention, 0.25 mM 
of each desoyxnucleoside triphosphate and 1.25 units Taq polymerase 
(GIBCO-BRL). The test formulations were prepared on ice and coated with 50 
pi of mineral oil (Sigma). Amplification was carried out in a commercially 
available DNA thermal cycler (for example supplied by Perkin Elmer Cetus) 
using the "Hot-Start method" familiar to the specialist whereby 30 cycles were 
run through, each having the following parameters: 30 sec at 94°C, 4 min at 
50°C and 1 min at 72°C. Finally an extension step was carried out at 72°C for 7 
min. The annealing time, i.e. the time taken for double strand formation, was 4 
minutes in order to ensure that the vast majority of the primers (degenerated 
oligonucleotides) contained in the primer mixture according to the invention find 
the matrices homologous to them. The extension sequence of the primer 
according to the invention has a stabilising effect on the primer matrix binding 
kinetics so that the PCR products formed in the first PCR cycle are amplified 
significantly more efficiently in the following cycles. There is thus the advantage 
that retroviral matrices are (can be) then amplified themselves if the exactly 
matching primer is not present in the primer mixture according to the invention. 
In addition, it is possible to achieve fast cloning of the amplification products 
e.g. for a sequence examination or to characterise new RT-related nucleotide 
sequences. 
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[0064] The reaction conditions for the PCR were optimised with respect 
to the amount of primer, the annealing time (double strand formation time) and 
the annealing temperature (double strand formation temperature) in order to 
achieve an optimum product yield. 

[0065] In order to detect product contamination from previous PCR 

experiments and any traces of genomic DNA contaminations in the solutions 
used, a control reaction was carried out in which the matrices were omitted. 
The amplification products were separated electrophoretically on preparative 
2.5 % TBE agarose gels and stained with ethydium bromide. Bands of between 
100 and 150 bp which corresponded to the amplified retroviral RT nucleotide 
sequences were cut from the gel and cleaned using a commercially available 
cleaning set (for example, the GENECLEAN II kit from BIO 101 Inc., Vista CA 
USA). For the RDBH approximately 50 ng of the cleaned fragment was labelled 
with [oc- 32 P]dATP (3000 Ci/mmol). The labelling was carried out using a 
Megaprime DNA labelling kit (Amersham Pharmacia Biotech, England) but can 
also be carried out equally well using other common labelling methods. 

[0066] Example 6: reverse dot blot hybridisation (RDBH) 

[0067] The RDBH method was used both to detect and to identify the 

amplified products. This RDBH method can strictly discriminate (distinguish) 
PCR products so that any wrongly amplified nucleotide sequences which are 
not related to nucleotide sequences of retroviral RT genes are of no 
importance. The high stringency of the RDBH is achieved by using synthetic 
HERV-specific oligonucleotides according to the invention which are applied as 
RDBH probes onto the dot blot filter membrane. The important advantage of 
these RDBH probe oligonucleotides according to the invention is that they 
contain none of the nucleotide sequences which are exhibited by the 
degenerated oligonucleotides of the MOP-ABD and MOP-C PRC primer 
mixtures according to the invention (see, for example, Table 1) and thus differ 
fundamentally from these PCR primer oligonucleotides. This fundamental 
difference between the RDBH probe oligonucleotides and the PCR primer 
oligonucleotides ensures that a hybridisation between an RDBH probe and a 
PCR amplificate only takes place if the nucleotide sequence between the two 
primers corresponds to the relevant RDBH probe oligonucleotide, i.e. if this 
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nucleotide sequence is identical to the relevant RT nucleotide sequence section 
or only differs in a few nucleotides (n = 3). In the ideal case the hybridising DNA 
sequences should be completely identical. In practice, under the given 
hybridisation conditions differences of two to three nucleotides are tolerable. 
Consequently, under highly stringent conditions even closely related retroviral 
nucleotide sequences can be distinguished from one another and be uniquely 
identified. 

[0068] In order to avoid cross hybridisations, the optimum stringency 

conditions for the RDBH were determined by varying hybridisation temperature, 
washing temperature and salt concentrations. Pre-hybridisation of the reverse 
D blot filters was carried out in heat-sealed plastic pockets in 0.25 M pH 7.2 
Na 2 HP0 4 , 7 % sodium dodecylsulphate (SDS), 1 mM EDTA at 50°C for at least 
3 hours. For the actual hybridisation these solutions were mixed with 5x1 0 5 
CpM of the labelled PCR amplificate per ml hybridisation volume and incubated 
for 16 hours under the same conditions. The membranes were then washed 
twice in 40 mM pH 7.2 Na 2 HP0 4 , 5 % SDS, 1 mM EDTA and twice in 40 mM 
Na 2 HP0 4 pH 7.2, 1 % SDS, 1 mM EDTA (for approximately 30 min in each 
case). The reaction was studied and evaluated by autoradiography. 

[0069] Example 7: Analysis of the HERV transcription pattern in human 

PBMNCs using the PCR/RDBH method according to the invention 

[0070] First, using the method shown in Fig. 2, total RNA was extracted 

from human PBMNCs as in Example 1 using common isolation techniques. 
This total RNA was first subjected to an RT-PCR/RDBH using the MOP-ABD 
primer mixture according to the invention. Here almost exclusively type B- 
related HERVs, i.e. members of the HERV-K superfamily were detected (Fig. 
3A). The most transcripts originated from members of the HERV-K subgroups 
HML-2, -3, -4 and -6. Also found were signals from HERV-KC4 related 
elements (8A, 8B) and from another HERV-K related nucleotide sequence 
which could not be assigned to any of the HML subgroups (5F). The observed 
expression pattern agrees with the studies already published which established 
a differentiated expression of HML elements in human tissue in the result 
(Medstrand et al. 1993, Andersson et al. 1996). Also found were small 
quantities of the element HERV-L related to the human foamy virus whereby 
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the high specificity of the MOP-ABD primer mixture for type ABD related 
elements is shown. 

[0071] At the same time as this test the total RNA from PBMNCs was 

subjected to an RT-PCR/RDBH using the MOP-C primer mixture according to 
the invention. Unlike the MOP-ABD primer mixture, the MOP-C primer mixture 
is not only suitable for priming type-C related nucleotide sequences but also 
amplifies HERV-K related elements of the HML-2, HML-4 and HML-6 
subgroups. A strong expression of HERV-E4-1 related elements (2H and 21), 
human foamy virus related HERV-L elements (1E to 1K) and ERV9 related 
HERVs (4E to 4G and 41) could be detected. Although the same quantities of 
radioactively labelled PCR-amplificates were used in all RDBH reactions, the 
genomic DNA probes present on the membranes (8E to 8H) after hybridisation 
using MOP-C produced PCR amplificates yielded significantly stronger signals 
than after hybridisation using MOP-ABD produced PCR amplificates. These 
findings indicate that the human genome contains significantly more copies of 
type C related HERV elements than type B related HERV elements. 

[0072] In order to detect all retroviral nucleotide sequences in a single 

experiment the MOP-ABD and MOP-C primer mixtures were used in a 
combination of equimolar quantities in a PCR/RDBH method according to the 
invention. This experiment resulted in a predominant amplification of type C 
related nucleotide sequences whereas the ABD type sequences remained 
underrepresented (data not given here). For this reason separate PCR methods 
were carried out using first MOP-ABD primer mixtures and second MOP-C 
primer mixtures and the purified amplification products of both methods were 
combined in equal quantities. The RDBH was then carried out using this 
combination of amplification products. The signal pattern shown in Fig. 3C was 
obtained which corresponds to the theoretical combination of the signal pattern 
of the RDBH method using MOP-ABD amplificates as in Fig. 3A on the one 
hand and using MOP-C amplificates as in Fig. 3B on the other hand. This 
finding shows that the PCR/RDBH method according to the invention is 
overwhelmingly well suited especially as a qualitative method of detection. 

[0073] Example 8: Proof of the sensitivity of the PCR/RDBH method 

according to the invention 
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[0074] In order to check the sensitivity of the PCR/RDBH method 

according to the invention with reference to the desired practical application in 
routine diagnostics e.g. to detect or eliminate any interspecies transmission of 
PERV with xenotransplants, dilution series experiments were carried out using 
cDNA from human PBMNCs and decreasing concentrations of a cloned DNA 
fragment that contains a PERV RT-coding region (Takeuchi et al. 1998). Under 
standardised test conditions even such a small quantity as 10 copies of PERV 
DNA could be detected in cDNA obtained from 25 ng human PBMNC mRNA 
(see Fig. 4A, Filter code 7F). 

[0075] No cross hybridisations between human specific amplificates and 

PERV specific RDBH probes were observed (see Fig. 3C, filter code 7F). Even 
when the PCR/RDBH method was carried out using pure porcine DNA as PCR 
matrix (Fig. 4B), no cross hybridisations could be detected between the porcine 
amplificates and the human endogenous or exogenous retroviral nucleotide 
sequences. These results are a very strong indication of the very high 
interspecies specificity of the PCR/RDBH method according to the invention. 

[0076] The results obtained in the test described here, namely the weak 

signal obtained with the murine type C retrovirus specific probe (7 I) surprisingly 
indicate that the porcine genome DNA also contains PERVs homologous to 
MoMuLV. Further results of this test, namely the observation of a weak signal 
with human DNA probes (8E, 8F) also surprisingly indicate that even the human 
genome possibly contains PERV related nucleotide sequences which have no 
counterpart on the dot blot membrane used and consequently are probably still 
uncharacterised. These findings clarify the extraordinary advantage of the 
PCR/RDBH method according to the invention, namely that it is possible to find, 
isolate and clone as yet unknown DNA fragments. 
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Table 1 



primer nucleotide sequence degeneration 



MOP-ABD forward- 

GAAGGAIQCARAGTNYTDYCHCMRGGH 3456 



reverse- 

GAAGGAJCCNWDDMKDTYATCMAYRWA 27648 



MOP-C forward- 

GAAGGATCCTKKAMMSKVYTRCYHCARGGG 3072 



reverse - 

GAAGGATCC MDVHDRBMDKYMAYVYAHKKA 8192 
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Table 2 



Code 


Source 


Probe 


Oligonucleotide sequence (5' ->3') 


1 A 


U35102, Medstrand 
et al.1993 


HML-1 


ATG CTAAATAG C C C AACTGTTTGTTAAACTTATGTC AG AAAG 
ATGTTAAATAGCCCAACTATTTGTCAAACCTATGTTGGGAAA 


1B 


S77579, Levebvre 
et al. 1995 


SEQ29 


ATGTTAAATAGCCCAACTATTTGTCAAACCTATGTTGGGAAA 
ATTAAGCCAGTTAGAGAACAG I I I I AAAAATGTTATAGTATT 


1 E 


G895836, Cordonnier 
etal. 1995 


HERV-L 


TATATCAACTCTCCGGCTTTGTGTCATAATCTTATTCAGAGT 
CTTGATCAC I I I I C ACTG CC AC AAG ATATC AC ACTG GTCCAT 


1 F 


Herrmann 
1998 


SEQ39 


GTATATCAACTCTCCAGCTTTGTGTCATCATCTTATTCAGAG 
CCTTGATCACTTTTCACTTCTGCAAGATATCATGCTGGTCCA 


1G 


Herrmann 
1998 


SEQ40 


TTAATCAACTCTCTAGCTTTGTATCATAATCTTATTCGGAGA 
CCTGATCGCTTTTCGCTTCCGCAAGATATCACACTGGGTTT 


1H 


Herrmann 
1998 


SEQ45 


TATATCAGTTATCTGGCTTTGTGACGTAATCTTATTTGGAGA 
CTAGATAAC I I I I CACTTCCACAAGATATCACACTGGTCCAC 


1 1 


Herrmann 
1998 


SEQ48 


TATATCAACTCTCCAGCTTGTGTTATAATTTTATTCAGAGAG 
TTGATCACTTTTTGCTTCCACAAGATATCACACTGATTGCCT 


1 J 


Herrmann 
1998 


SEQ51 


TGTATCAACTC I C I GGC I I I G I G I CATAATCTTACCTGGAGA 
CTTG ATCG CTTTTTG CTTC C AC N AG ATATC AC ACTG G TC C AT 


1K 


Herrmann 
1998 


SEQ58 


TATATCAACTCTCCAGTTTTGTGTCATAGTCTTAGTCAGAGA 
CTTGATCAC Mill GCTTCCATAAGACATCACACTGGCCCAT 


2A 


M14123 

Ono et al. 1986 


HERV-K10 


ATGCTTAATAGTCCAACTATTTGTCAGACTTTTGTAGGTCGA 
CTTCAACCAGTGAGAGAAAAG I I I I CAGACTGTTATATTATT 


2B 


U87592 

Zsiros etal.. 1998 


SEQ 
U87592 


ATGCTTAATAGTCCAACTATTTGTCAGACTTTTGTAGGTCGA 
CTTCAACCAGTTAGAGAAAAGTTTTCAGACTGTTATATCATT 


2E 


U12970 

Haltmeier et al. 1995 


pCRTKI 


TTTAAAAACTCCCCTACCCTTTTTGGGGAAGCCCTCCAACA 

CTTATACCATTCTGAGCCAGTAACCCTCACTGCACTCTTCTC 
G 


2F 


U12969 

Haltmeier et al. 1995 


pCRTK6 


TTTAAAAATTCCGCCACCCTTTTTGGGGAAGCCCTCCAACA 
CTTCTACCATTCTGAGCCAGTCCCCTTAACTGTAACTCTTCT 


2H 


M 10976 

Repaske et al. 1985 


HERVE41 


TTCAAGAACTCCCCCACCATCTTTGGGGAGGCGTTGGCTCG 

CCTCCAGAAGTTTCCCACCAGAGACCTAGGCTGCGTGTTGC 
C 


21 


Herrmann 
1998 


SEQ32 


TTC AAG AACTCCCTTACTATCTTCGG G G AG G CTCTG ACTTG 

TTGCAAAAGTTTCCTGCTAAAGACCTAGGCTATGTCTTGCTC 
G 
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2J 


AF026252, Lindeskog 
et al. 1998 


HERV-H 


TTC AC AG AC AG C CCC C ATT ACTTC AGTC AAG C C C AAATTTCT 
TTATCTGTTAC CT ATCTC C G C ATAATTCTC ATAAAAAC AC AC 


2K 


Herrmann 
1998 


SEQ61 


TTCAGAGACAGCCCCCATTACTTTAGTCAAGCTCTTTCTCAT 
CTACTTTCTTTCCATCCATCTGTTTCTCACCTTATTCAATAC 


2L 


Herrmann 
1998 


SEQ66 


TTCAGAGACAGCCCCCATTACTTTAGTCAAGCTCTTTCTCAT 
CTACTTTCTTTCCATCCATCTGTTTCTCACCTTATTCAATATA 


3A 


U35236, Medstrand 
et al. 1993 


HML-3 


ATGTTAAACAGTCCAACAATTTGCCAGACTTATATGGGCAAG 
TTGAACCTACTCTTAAAAAA I I I I CACAGTGTTACATTATTCA 


3B 


S66676, Kalden und 
Herrmann, 1993 


HERV1 
SLE 


ATG ATAAAC AG TCC AAC AATTTG C C AG G C ATATGTAG G G C A 
AAWTG AAC CTAC YTG TAAAAAA I I I I C AGTG TTAC ATTATTC 


3C 


S77583 

Lefebvre etal. 1995 


RT244 


ATGTTAAACAGTCCCACAATTTGCCAGTCATATGTGGGCCA 
ATTG AACCTACTC CTAAAAAATTTTC AC AG TG TTAC ATTATTC 


3D 


Herrmann 
1998 


SEQ26 


CGTGTTAAAC AGTCCG ACTATTTGCC AG AAGTATGTG G G G G 
CAATTGAATCTACTCGTAAAAAATTTTCACAGTGTTACATTAT 


3E 


U27240 

Seifarth et al. 1995 


ERV-FRD 


TTCAGAGATAGTCCCCATTTGTTTGGGCAAGCCTTGGCTAG 
TTTGCAGGACCTAAGTC I I I ATATGGAAGGGCATCTCCTAC 


3F 


Herrmann 
1998 


SEQ46 


TTCAGAGATAGTCCCCATTTGTTTGGCAAGCCTTGGCTAGA 

TGCAGGACCTAAGTCTTTATATGGGAGGGCATCTCCTACAG 
A 


3H 


M92067 

Maeda and Kim 1990 


HERV-I 


TTCATGGATTCACCCAACCTTTTTGGTCAAATTTTAGAACAA 
CTAGACAAAG I I I CTG TTCC AAAAC AATT ATG C CTG CTTC AA 
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U27241 

Seifarth et al. 1995 


HERV-IP 
(T47D) 


TTCACAGACTCCCCTAATATTTTTGGTGAAATTTTAGAACAA 
ATTAGAAAAAGTTTTCATTCCAGAACAAATATGCCTTCTCCA 


3J 


Herrmann 
1998 


SEQ65 


AGACTCCCCTAATCTTTTTGGCCAAATTTTAGAACAAGTGTT 
AAAAAGTGGTCATCCCAAAGCAAATATGCTTGCTCTAGTACA 


3L 


McMillan and Singer 
1993, M80343 


LINE-I 


TGCCCTCTCTCACCACTCCTATTCAACATAGTGTTGGAAGTT 
G CC AG G G C AATTAG G C AG G AG AAG G AAAT AAAG G GTATTC 


4A 


Herrmann 
1998 


SEQ34 


ATGTTAAATG G TC C C AC AATTTG CC AG AC AT ATGTG G G G C A 
CTTGAACTTACTCATAAAAAA I I I I CAGTGTTACATTATTCAC 


4B 


Herrmann I 

■4 QQQ 


SEQ42 


ATGTTAAACTGTCCAACAATTTGTCAGACTTATGTAGAACAA 
ATTGAACCTACTCATAAAAAA I I I I CAGTGTTATATTATTCAT 


4C 


Herrmann 
1998 


SEQ43 


ATG TTAAAC AG TC C AAC AATTTG C C AG ATG TAC GTG G TG C A 
AATTGAACCTACTTGTAAAAAATTTTTGGTGTTACATTNTTCN 


4E 


X57147, La Mantia 
et al. 1991 


ERV9 


TTTAGGGATAGCCCTCATCTGTTTGGTCAGGCCCTAGCCAA 
GATCTAGGCCACTTCTCAAGTCCAGGCACTCTGGTCCTTCA 
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4F 


Herrmann 
1998 


SEQ49 


TTCAGGGATATAGCCCCCATCTATTTGGTCAGGCATTAGCC 

CTTGAGCCAGTTCTCATACCTGGACACTCTGGTCCCTTTGG 
A 


4G 


Herrmann 
1998 


SEQ59 


TTTAGGGATAGCCCTCATCTGTTTGGTCAGGCACAGGCCCA 
ATCTAGTTCACTTCTCAAGTCCAGGCACTCTGGTTGTTCAGT 


4H 


Herrmann 
1998 


SEQ60 


TTTAGGGACAGCCCTCACTATTTCGGTCAGGCACTTCAATT 
ACCTCTCCC AG CTAC ATCTN C N N CC YN GC ATCTTGCTTC AG 


41 


Herrmann 
1998 


SEQ63 


TTC AG G GAT AG CTCCC ATCT ATTTG G C C AG G C ATTAAC C C G 
ACTTAAGCCAGTTCTCATACGTGGACACTCTTGTCCTTTGGT 


4J 


Herrmann 
1998 


SEQ64 


TTTAGAGATAGCCCTCACCTGTTTGGCCAAGCATTGGCCAA 
1 1 1 AAGTCACTTCTTGCACCCAGGTACCCTAATTCTTCAATA 


4L 


AF009668 
Blond et al. 1999 


HERV-W 


TTC AG G G ATAG C C CCC ATCTATTTG G C C AG G C ATT AG C C C A 
ACTTGAGTCAATTCTCATACCTGGACACTCTTGTCCTTCAGT 


5A 


AF020092 
Seifarth et al. 1995 


HERV-K 
(T47D) 


C ATG CTTAATAGTCCC ACTATTTG TC AGTATTTTGTG G G G C G 
GCTTCAACCTGTCAGGGATCAGTTTCCCCGATGTTACATCG 


5B 


Herrmann 
1998 


SEQ05 


A 1 GO 1 1 AA 1 AG 1 CCCAC 1 A 1 1 1 G 1 CAG 1 A I TTTGTGGGGCGT 
CTTCAACCTGTCAGGGATCAGTTTCCCCGATGTTACATCGT 


5C 


Herrmann 
1998 


SEQ10 


AIGCI IAAIAGICCCACIAI 1 IGICAGIAI 1 1 IGIGGGGGIG 
TTC AAC CTG TC AG G G ATTC AG TTTC C C CG ATG TT AC ATC G TT 


5E 


U46939 

Griffiths et al. 1997 


SEQ 
U46939 


ATG ACTAAC AGTC CTG C C ATATG C CAG CT AT ATGTTG AC C A 
GTAGAGCCTGTTCGGCAGCAGTGCCCAAAAGTACAAAI 1 1 1 


5F 


U39937 

Li etal. 1995 


U39937 


ATG CTTAATAG TC C AACTATTTGTC AG ACTTTTGTAG G TC G A 
CTTCAACCAGTTAGAGAAAAG 1 1 1 1 CAGACTGTTATATTATT 


5G 


Herrmann 
1998 


SEQ35 


AACCAGTATCAGGAGTTTTACAGCCAGGTAGTCAGGAGGAA 

AGTC ATCCTGGTGC AGTGG AAAGG G C ATTGG ATTTAAAGG C 
CT 


vJ 1 1 


nci 1 1 1 icii 1 1 1 

1998 




AAnAATnTTAf5AATnnPTPAPA(^AAPTPA(^f^AAAATAPTTTA 
GTATTTAATGGTTTGTTACATAAGATACAACTCAAGGAACCA 




nci 1 1 1 idi II 1 

1998 




G 

CAAGCATTGAATGTGATCGTTTGAGGGCAGGGTGATCGGG 
A 


5J 


Herrmann 
1998 


SEQ77 


TGGAAGGGAGGACTTGAGCACATTCTTAAATGT 
GGCTCCTGTAATTTTTAACACATTGACACATGCTA 


6A 


U35161 

Medstrand et al. 1993 


HML-5 


ATGCTGAACAGTCCTACCATGTGTCAGTAACATGTAAATCAA 
TTGCTCCCCAGTAGAAAATAATTTCCTAATTGCAAGATTATT 
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6E 


HRU46939 
Griffiths et al. 1997 


HRV5 


ATGACTAACAGTCCTGCCATATGCCAGCTATATGTTGACCA 
GTAGAGCCTGTTCGGCAGCAGTGCCCAAAAGTACAAATTTT 


6F 


Y07725 


Foamy 
virus 


MIT rAAATAGTCCAGCATTGTTTACAGCTGATGTAGTAGAT 
CTAAAAGAAATCCCTAATGTACAAGTGTATGTTGATGATATA 


6G 


Tuke et al. 
1997 


HTLV1 


GTTTAAAAATAGTCCCACCCTGTTCGAAATGCAGCTGGCCC 
CCTGCAGCCCATTCGGCAAGCTTTCCCCCAATGCACTATTC 


6H 


M 10060, Shimotohno 
et al. 1985 


HTLV2 


GTTTAAAAACAGCCCCACCCTCTTCGAACAACAATTAGCAG 
CCTCAACCCCATGAGGAAAATGTTTCCCACATCGACCATTG 


61 


Tuke et al. 
1997 


HIV1 


ATGGAAAGGATCACCAGCAATATTCCAAAGTAGCATGACAA 
CTTAGAGCC I I I I AAAAAACAAAATCCAGACATAGTTATCTA 


6J 


J04542 


HIV2 


TGGAAAGGATCACCAGCAATCTTTCAATTCATGATGAGGCA 
TTAGAACCTTTCAGAAAAGCAAACCCAGACGTCATTCTCATC 


7A 


U60269 

Medstrand et al. 1997 


HML-6 


ATGCTTAACAGTCTTACGCTATGTCAGCATTTTGTAGGACAG 
TTAAAGAAGCCTCGGAATATGTTTCCTACTGCTTACATCATT 


7B 


Herrmann 
1998 


SEQ38 


ATGCTCAACACCTACGTTAAGTCAGCATTTTGTAGGAAGAG 
T 

AAAGGACTCTCAGAATATGTTTCCCACTGCCTACATCGTTCA 


7C 


Herrmann 
1998 


SEQ56 


ATG CTTAAC AG C ATTATATC Att C ATHTTf^ T A C; a AT A n n r AT 
TAAA 

GGTGCCTCTGAATATG 1 1 1 CCCACAGCCTACATCCGTCATT 
T 


7E 


M15122 

Moore etal. 1987 


MM TV 


ATG AAAAATAG C C CTACTTTATG TC AAAAATTTG TG G AC AAA 
ATATTGACTGTAAGGGATAAATACCAAGACTCATATATTGTG 


7F 


AF038600 
Akiyoshi et al. 1998 


PERV 


CTGGCCAACTTCAGGATCCAACACCCTCAGGTGACCCTCCT 
G 


7G 


D10032 

Kato et al. 1987 


BaEV 


TTCAAAAACTCTCCCACTCTCTTCGATGAGGCTCTCCACAG 

CTCACCGACTTCCGGACCCAGCATCCAGAAGTGACCCTGC 
G 


7H 


M26927 

Delassus et al. 1989 


GaLV 


TTCAAGAACTCTCCCACTCTCTTCGACGAGGCCCTCCACCG 
TTGGCTCCC 1 1 1 AGGGCCCTCAACCCCCAGGTGGTGTTACT 


71 


J02255 Van Beveren 
et ai. lyoi 


MoMuLV 


TTCAAAAACAGTCCCACCCTGTTTGATGAGGCACTGCACAG 
CTAGCAGACTTCCGGATCCAGCACCCAGACTTGATCCTGCT 


7J ! 


M 12349 

Sonigo et al. 1986 


MPMV 


ATGGCCAACAGTCCTACCTTATGTCAAAAATATGTGGCCAC 
ATACATAAGGTTAGACATGCCTGGAAACAAATGTATATTATA 


8A 


U07856, Dangel et al. 
1994 


HERV-KC4 


ATGTTAAATAGTCCCACAGTTTGTCAAACTTTTGTAGGCAGA 
ATCCAGCCTGTTAGAGATCAGTTTCCAGATTTGTGCAGCAA 
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8B 


Herrmann 
1998 


SEQ31 


ATGTTAAACAGTTCCACAGTTTGTCAAACTTTTGTAGGCAAA 
ATCCAGCTAGTTAGAGATCAATTTCCAGATTGTTACATCATT 


8E-8H 


human genomic DNA 


internal 


100 ng 






control 


10 ng 








1 ng 








0.1 ng 


8I-8L 


mixed oligo primers 


internal 
control 


100 pmol 
10 pmol 
1 pmol 
0.1 pmol 
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Table 3. 



A. Human endogenous retroviral sequences 



type-B retroviruses 
(HERV-K-superfamily) 


HML-1 subgroup 


HML1 (1A) 
Seq29 (1B*) 




HML-2 subgroup 


HERV-K10(2A) 
U87592 (2B) 




HML-3 subgroup 


HML-3 (3A) 
S66676 (3B*) 
RT244 (3C*) 
Seq26 (3D*) 
Seq34 (4A*) 
Seq42 (4B*) 
Seq43 (4C*) 




HML-4 subgroup 


HERV-K-T47D (5A) 
Seq05 (5B) 
Seq10 (5C) 




HML-5 subgroup 


HML-5 (6A) 




HML-6 subgroup 


HML-6 (7A) 
Seq38 (7B) 
Seq56 (7C) 




KC4 subgroup 


HERV-K-C4 (8A) 
Seq31 (8B) 




not defined 


U39937 (5F) 


type-C retroviruses 


HERV-H & related 


AF026252 (2J) 
Seq61 (2K) 
Seq66 (2L) 




ERV9 & related 


ERV9 (4E) 
Seq49 (4F) 
Seq59 (4G) 
Seq60 (4H) 
Seq63 (41) 
Seq64 (4J) 
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ERV-FRD 


ERV-FRD (3E) 
Seq46 (3F) 




HERV-ERI family 


HERV-E(4-1)(2H) 
Seq32 (21) 




HERV-I & related 


HERV-I (3H) 
HERV-IP-T47D (31) 
Seq65 (3J) 




HERV-T 


S71 pCRTKI (2E) 
S71 pCRTK2 (2F) 




HERV-W 


AF009668 (4L) 


type-D retroviruses 


MPMV related 


Seq36 (5H) 
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Table 3 (continued) 



Foamy virus related 


HERV-L & related 


G895836 (1E) 
Seq39(1F) 
Seq40(1G) 
Seq45 (1H) 
Seq48(1l) 
Seq51 (1J) 
Seq58 (1K) 


undefined retroviral elements 




U46939 (5E) 
Seq35 (5G) 
Seq41 (51) 
Seq77 (5J) 


human non-viral retroposons 




LINE-1 (3L) 



B. Exogenous retroviruses 



Human exogenous 
retroviruses 




HRV5 (6E) 
Foamy virus (6F) 
HTLV-1 (6G) 
HTLV-2 (6H) 
HIV-1 (61) 
HIV-2 (6J) 


endogenous 




MMTV (7E) 


Mammalia retroviruses 




PERV (7F) 






BaEV (7G) 






GaLV (7H) 






MoMuLV (71) 






MPMV (7J) 
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CLAIMS 

1. A primer mixture ("MOP") consisting of forward and reverse primers for 
PCR, characterised in 

that the forward and reverse primers are oligonucleotides, 
that either ("MOP-ABD") 

the forward primers exhibit the nucleotide sequences in accordance with 
SEQ ID NO. 1, namely: 

ARAGTNYTDYCHCMRGGH, with a "head" at the 5' end and 3456 
degenerations 

and the reverse primers exhibit the nucleotide sequences in accordance 
with SEQ ID NO.2, namely: 

NWDDMKDTYATCMAYRWA, with a "head" at the 5' end and 27648 

degenerations, 

or ("MOP-C") 

the forward primers exhibits the nucleotide sequences in accordance 
with SEQ ID NO. 3, namely: 

TKKAMMSKVYTRCYHCARGGG, with a "head" at the 5' end and 3072 
degenerations and 

the reverse primers exhibit the nucleotide sequences in accordance with 
SEQ ID NO. 4, namely: 

MDVHDRBMDKYMAYVYAHKKA, with a "head" at the 5' end and 8192 
degenerations 

and the "head" stands for a nucleotide sequence which comprises an 
interface for a restriction enzyme and a clamp sequence at the 5' end of 
this interface and its length does not exceed half the length of the 
complete nucleotide sequence of the forward or reverse primer. 

2. A primer mixture according to claim 1, characterised in that the "head" 
section of the nucleotide sequences presented in the sequence protocols 
has the nucleotide sequence GAAGGATCC. 
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3. A method for the specific detection and identification of retroviral nucleic 
acid s/retro virus in a specimen, characterised by type and sequence of 
the measures specified hereinafter: 

- Isolation of nucleic acids, namely DNA and/or RNA from the 
specimen, 

- Carrying out a PCR using the isolated DNA or an RT-PCR using the 
isolated RNA using one or both primer mixtures according to claim 1, 

- Purging the (RT)-PCR amplificates obtained and using these in an 
RDBH method using immobilised RDBH probes which each comprise 
(per probe) synthetic oligonucleotides whose nucleotide sequence 
corresponds to the retroviral nucleotide sequence of the retrovirus- 
specific reverse-transcriptase gene of the virus type to be detected 
with the relevant dot or a section of such a retroviral nucleotide 
sequence and exhibits no overlapping with the nucleotide sequences 
of the forward primer and the reverse primer of the primer mixtures 
used in the PCR or RT-PCR. 

4. A method according to claim 3, characterised in that the nucleotide 
sequences of the synthetic oligonucleotides of the RDBH probes 
correspond to the retroviral nucleic acid region of the reverse 
transcriptase gene between the highly conserved motifs V L P Q G and 
Y MA/ D D IA//L L or a section of this region. 

5. A method according to one of claims 3 or 4, characterised in that a 
mixture of equimolar quantities of both partners of a pair of synthetic 
oligonucleotides, which together correspond to a preferably 90 bp long 
section from the nucleic acid region of the reverse transcriptase gene 
between the highly conserved motifs V L P Q G and Y MA/ D D l/V/L L , 
is in each case used as immobilised RDBH probes. 

6. A method according to claim 5, characterised in that both partners of the 
pair of synthetic oligonucleotides are approximately the same size or the 
same length, preferably approximately 45 bp long. 
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7. A use of one or several synthetic oligonucleotide(s) whose nucleotide 
sequence(s) correspond(s) with the nucleic acid region of a retrovirus- 
specific reverse transcriptase gene between the highly conserved motifs 
V L P Q G and Y MA/ D D IA//L L or with a section of this nucleic acid 
region as reverse dot blot hybridisation probe(s) in a method according 
to one of claims 3 to 6. 

8. A use of equimolar quantities of two synthetic oligonucleotides which 
together, positioned one after the other, correspond to a preferably 90 bp 
long section from the nucleic acid region of the reverse transcriptase 
gene between the highly conserved motifs V L P Q G and Y MA/ D D 
IA//L L as reverse dot blot hybridisation probe(s) in a method according 
to one of claims 3 to 6. 

9. A diagnosis kit for the specific detection and identification of retroviral 
nucleic acids/retroviruses in an arbitrary specimen, comprising at least 
one of the primer mixtures consisting of forward and reverse primers for 
the PCR according to claim 1 and at least one reverse dot blot 
hybridisation probe according to claim 7 or claim 8. 
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Declaration and Power of Attorney for Patent Application 
Erklarung fur Patentanmeldungen mtt Vollmacht 
German Language Declaration 



Als nachstehend benannter Efftnder erkJ&re Ich hiermit 
an Eldes Statt; 

dad mein Wohnsitz. meine Postanschrlft, und meine 
Staatsangeh&rigkert den im Nachstahenden nach 
meinern Namen aufpetOhrten Angaben entspreehen. 

dafl fcn» nach boslam Wissen, o'er ursprunglrche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben 1st) oder eln ursprQnglicher. eteter und 
Miterfinder (falls nachstehend rnehrere Naman 
aiilgefiihrr sind) des Gegenstandes bin. far den dies^r 
Antrag gestelft wird und far den ein Patent beantragt 
wird fOr die Erfindung mlt dem Titel: 



As a below named inventor, I hereby Cedaro that: 



My residences post offioe address and citizenship aro 
staled below next to my name. 



I believe I am die original, first and sole in vernor (if 
only prre name is Ustad below) or an original, first and 
joint inventor {<f plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled: 



METHOD FOR THE SPECIFIC DETECTION AND 
IDENTIFICATION OF RETROVIRAL NUCLEIC 
ACIOS/RETROVIRUSES }N A SPECIMEN ' 

dcran Beschreibung 
(zutreffendes ankreuzen) 

[ ] hier beigefugt 1st, 

[X] wurde angemeldet am 4 f April / 2000 

unter der U.S.-Anmeldungs Nr. od»r unter der 
Intemationaien Anmeldenummor im Rahmon a©s 
Vertrggs Ober dio Zusammen&rbeit auf dem 
Getoiet das Patontwesens (PCT) 
FCT/PEOO/O tO/l und am 

: sbgeandert {falls 

zutreffend), 

Ich bestatige hiermit. daG> ich den Inhatt der obigeri 
PatentanmskJunp, einschfiosslich der AnsprGche 
durchgasehen und venrtanden habo* die even&jell 
duch elnen Zusatzantraa, wio oben ©rwshnt, . 
abgeandert wurde. 

Ich erfcenne meine Pfticht zur Offonbsarvng 
Irgendwelcher Ircformationen an, die fur die Prufung 
der voriiegenden Anmeldung In Einklang mlt Tfef 3?, 
Cods of Federal Regulations. §1.56 von 8e*any sind. 

Ich oeanspruche hiermit auslandjsehe Prioritabvo (telle 
gemSss Tite? 35. US-Code, §119(ay(d), hzw. §3S5{b) 
ailer unten angegebenen Auslandsanmeldungen fur 
ein Patent odor Erflnderurfcunden, oder §36S(a) aller 
PCT intern ationalen Anmeldungen. wetcbe wenigsteng 
ein Land ausser flen Vereinlgten Staatenvon Amerlfca 
benonrsen, und habe nachstehond durch anXreuzen. 
^Smidiche AusLandsanmeldungen fox PatentB . t*3ur 
Ertindemrkunoen oaer PCT international^ 
nnmeidungen angegeben, denan Arwneldoteg dem der 
Anmeldung, TOr welche Priprliat poansprucht wird, 
vorangeht 



METHOD FOR THE SPECIFIC DETECTION AND 
1 IDENTIFICATION OF RETROVIRAL NUCLEIC 
ACIDS/RETROV1RUSES IN A SPECIMEN 

the epbriflcatlDn of which 
(check one) 



is attached hereto 
was filed on 4 / Aphl / 2000 



a» United States Application Number or PCT 
International Application Number 
PCnvPEQQ/Qiq7i , and was amended on 



(if applicable). 



I hereby state thatS> have reviewed and understand the 
contents of the aboveWdentHied specification, including 
the claims, aa amended by any amendment referred to 
above. 



I ^cfcnawtedge the duty to disclose inform action which *s 
material to the examination of this application in 
accordance with TitJe 37, Code of Federal Regulations, 
§1.56. 

L hereby claim foreign priority benefit under Title 35, 
United States Code, §119(a)-(d) or §3£5(b) of any 
foreign appl»cation(s) for patent or inventors cercificaxe. 
of §3S5(aj of any PCT Jroemational aopficatJon which 
designated at least one country otner tnan tne United 
States, listed Dalow ana have also identified below, by 
checking the box. any foreign application for patent or 
.inventors certificate, or PCT International application 
having a firing date before tnat of the application on 
which prloifty is claimed. 
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Prior Foreign Applications 

(Frunere austendisch© Anmefdungen} 



199 21 419,0 
{Number) 

fNummer) 



(Number) 
(Nummer) 



Germgny 



(Gauntry) 
(Land) 



(Country) 
(Land) 



a/Mav/ifiaa 

(Day^onth/Yoar Filed) ~ 
<Tag/MortatoUahr eingerytchi) 



(D^y/Month/Yasr Filed) 
(Tag;Monat/Jghr eingerejctit) 



Priority Claimed? 
Prioritat beanspruchr? 



PC} 

Yes 

Ja 

[ I 

Yes 
Ja 



[ ] 
No 
Nein 

[ ] 
No 
Nein 



Ich beansprgche hJermit gemass Titel 35, US-Code 
§ii9<o). aen Vorzug aller unten auroefuhrten US- 
Hi tfsanmolcung en 



I hereby claim the benefit under Title 36, United States 
Code, §11B(e) of any Unhed States provisional 
application(s) Delow 



{Application No. / Anmeldenr.) 



(Filing Date / Anmelfl ©datum) 



(Application No. / Anmoldonr.) 



(Filing Date / Anmeldedatum) 



Ich boansprucho hiormit go mass Trtel 33. US-Code, 
§120. den Vorzug slier unton auJgefcmrten 
US-Patontanmeldungen bzw_ §36S(c) aller PCT 
intornafonalen Anmcldungen. welcha cfi9 Verelnigten 
Staaten von Amerika benennen. und erkenne, insofem 
dar CSegonetand einea jeden fruheren Anspruchs 
dieser Patentanmeldung, taw. PCT Intemationalen 
Anmeldung in.elner gemak dem ersten Absatz von 
Trtel 35 T US-Code §112 vorgesenriebenen Art und 
yVcfse offenhart wurte, mein«* PfUcht stur Offenharung 
jeglicher InformaUonen an, dte zur PrQfunQ der 
Paterirtfahlgkert in Elnklang m'rt Titel 37, Code of 
FederaJ Regulations, §T.S6 von Beiang slnd und Im 
ZeJtraum zwfschen dem Anmeldedatum dor fKJheren 
Patentanmeldung und dem natibnalen oder im 
Rah men das Vertrags Uber die Zufiammenarbelt auf 
dern Geblet des Patenrwesens (PCT) gQltigen 
Inxemfltlonalen Anmeldetfatum bekannt fieworden 
sind. 



I hereby claim the benefit under Title 35. United Stales 
Code, §120 of any United States applicationCs), or 
§365(c) of any PCT International application 
designating Ihe United States, listed below and. insofar 
as the subject matter of each of the claims of this 
application is not disclosed 1 in the prior United States or 
PCT International application in the manner provided 
by the first paragraph of Titlo 35, United States Code. 
§112, I acknowledgo tho duty to disclose material 
Information as defined in Title 37. Code of Federal 
Regulations, §1.56 which became available between 
the filing date of the prior application and the national 
or PCT International filing daie of this application. 



(Appl. No.) 
(Anmeldenr.) 



(Filing Date) 
(Anmeldedatum) 



(Status) 
(patentierL anhSngrg 
au fgegeben) 



(Status) 

(patented, psndlnn 
abandoned) 



(Appl t No.) 
(Anmeldenr.) 



(Filing Date) 
(Anmeldedatum) 



Jch erklare hiermit, daG aJle von mlr In dar vorllegenden 
Erkiarung oemachtHn Angaben nach meirtern besten 
VVissen und Gewiaaen d«r vollen Wahrheit 
errteprechen. und da/L rch diese eidesstattliche 
ErkJarung In KenntrJs dessen abaebe, daB wissentilch 
und voraafelich falsche Anaaben Qemass §. 1001, Tltet 
1 8 US-Code strafbar slnd und mtf <S eld strafe und/odor 
Gefangnis oestraft warden fcOnnen, und datt derartig 
wissentJIch und vorsatzllch falsche Angaben die 
Rechtawirksamkeit der vurliegenden Patentanmeldung 
Oder Bines darauf erteflien Patentes geffihrden 
konnen. 



(Status) 

(paten bo rL anh&ngig 
aufgegeben) 



(Status) 

(palanteq', paneling 
abandon^) 



I hereby doclare that aJI statements made herein of my 
Own knowledge are true and that ail statements made 
on information and befiof are believed to bo true; and 
further that these statements were made with the 
knowledge Hi at wDtful false staTements and tho like so 
made are punishable by fine or Imprisonment or both, 
under §1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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VERTRETUNGSVOLLMACHT: AJs benannter ErTindef 
boauftorage ich hlermit den nachstohend benannten 
Patentanwalt (odar die nachstohend benannten 
PatentanwSlle) und/oder Vertreter mit dor Verfolgung 
der vorfiegenden Patentanmaldung sowie mit der 
Abwi^klung a Her damit verbundenen Geschflfte var 
dem US-P^tont-und Ware nzeichenamt: 



POWER OF ATTORNEY: As a named inventor. I 
hereby appoint the following attomey(s) and/or 
agent(#) to prosecute this application and transact all 
business In the Patent and Trademark Offico 
connected therewith: 



HENRY M. FE1ERE1SEN 
Rog. No. 31 .084 

URSULA B, DAY 

Rob- No. 47.296 



Telefongesprache birte richten an: 
(Name und TelefonnLrmmer) 



HENRY M. FEIEREISEN 
(212) 244-5500 



Direct telephone calls toT 
(Name and telephone number) 



Posianscnrinr 
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Send Correspondence to: 

) 


t 






Voller Namo d©3 cirrsfgon odor 
ursprungfichen Erfnders 

WOLFGANG SEIFARTH 


Full nam© of first inventor 


Unterschrift des Erfindais 


Datum 


Inventor's Signature Data 


wonnsitz "° 


Nussloch / Germany 


-j-^ g; Residence 


Staatsang e ho n gkeit 


. Germany 


Citizenship 


Postanschrift 


Oderweg 11 
69226 NuBSloCh 
Germany 


Post Office Address 
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PA Dr. Rudolpb; 



'Mim mm t o s , .t. i a an 



Voner Name des zweiten Erfinders Fu!| name of secDnd fnventor 

CHRISTINE L^IB-M6SCH 



Untet^chrift des Erfinders Datum "~" : Inventor's Signature Dale 



fijw C*, I -X^L r. Aa. OA 



WohnsJtz 



. M i- . ^ ->,r'v Residence 

Mdnchen I Germany pS^ /\ 



Sma^nnehorigkert : ■ ~ Citizenship 

Germany 



PostariBcnnTt 



Post Office Address 

80809 Milnehen 
Germany 



Volier Name des drittan Erfinders ' — Full name of third inventor 

CORINNA BAtJgOL 

Unterschrlft des Erflnders DaUim ' inventors Siflnature Date 



^a^^— & t0. £00/ 



Wohnsltz 



_ _ Residence 
Waildorf / Germany £>£^C 

Staatsarjgeh6rt 0 keit | ' " j = Citizenship 

Germany 



Postenschnft p ost offjog Aa dress 

Schlosswog 30a 
09190 Waildorf 
Germany 
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SEQUENZPROTOKOLL 

<110> Ruprecht-Karls-Universitat Heidelberg 

<120> Verfahren zum spezifischen Nachweis und zur 

Identif izierung retroviraler Nukleinsauren/Retroviren 
in einem Untersuchungsgut 

<130> sei 1 

<140> 
<141> 

<150> DE 199 21 419.0 
<151> 1999-05-08 

<160> 4 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 18 
<212> DNA 

<213> Homo sapiens 
<400> 1 

aragtnytdy chcmrggh 18 



<210> 2 
<211> 18 
<212> DNA 

<213> Homo sapiens 
<400> 2 

nwddmkdtya tcmayrwa 18 



<210> 3 
<211> 21 
<212> DNA 

<213> Homo sapiens 
<400> 3 

tkkammskvy trcyhcargg g 21 



<210> 4 

<211> 21 

<212> DNA 

<213> Homo sapiens 



<400> 4 

mdvhdrbmdk ymayvyahkk a 
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